Fmoc-D-X-OH (Fmoc, fluoren-9-ylmethoxycarbonyl) (X = Ala, Arg(Pbf) (Pbf, pentamethyldihydrobenzofuran-5-sulfonyl), Asn(Trt) (Trt, trityl), Asp(OtBu) (tBu, tert-butyl), Glu(OtBu), Gln(Trt), Gly, His(Trt), Ile, Leu, Lys(Boc) (Boc, tert-butyloxycarbonyl), Met, Phe, Pro, Ser(tBu), Thr(tBu), Trp(Boc), Tyr(tBu), and Val) were purchased (Anaspec; San Jose, CA) and used as received. TentaGel S-NH 2 resin (90 μm, 0.31 mmol/g) (Rapp-Polymere; Tübingen, Germany) were utilized for OBOC library construction. Amino acid coupling reactions were performed in 1-methyl-2-pyrrolidinone (NMP, 99%) with HATU (2-(7-Aza-1H-benzotriazole-1- OBOC libraries were synthesized using a 180-degree variable-speed shaker, fitted with small sample adapter (St. John Associates; Beltsville, MD). Fritted polypropylene solid-phase synthesis tubes were used for repeated split-mix cycles. A 24-port SPE vacuum manifold system (Grace, Deerfield, IL) was used for exchanging coupling solutions and washing the resins.
azide (61.5 mmol) was added and stirred overnight in N,N′-dimethylformamide (DMF) at 50 °C.
The reaction was diluted with ethyl acetate, and the organic layer was washed with water, then brine, and then dried over MgSO 4 . The crude residue was purified by silica gel chromatography (100% hexanes) to give a product (80%) as a clear oil. 1 H NMR (300 MHz, CDCl 3 ): δ 3.44 (2H, t, J = 6.3 Hz), 3 .34 (2H, t, J = 6.6 Hz), 1.93-1.98 (2H, m), 1.74-1.79 (2H, m).
SCHEME S1
Azidooctylbromide (1b). Synthesis was carried out as described above, except 1,8-dibromooctane was used as the starting material. 1 H NMR (300 MHz, CDCl 3 ): δ 3.41 (2H, t, J = 6.9 Hz), 3.26 (2H, t, J = 6.6 Hz), 1.86 (2H, p, J = 6.9 Hz), 1.60 (2H, p, J = 8.7 Hz), 1.34-1.55 (4H, m).
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Diethyl 2-acetamido-2-(4-azidobutyl)malonate (2a).
To a solution of 0.598 g (0.026 mol) sodium metal in 25 mL absolute EtOH, 5.65 g diethyl acetamidomalonate (0.026 mol) was added, following previously published procedures. [1] The mixture was stirred for 30 min at room temperature. By dropwise addition, azidobutylbromide 1a (4.82 g, 0.027 mol) was added with stirring. The reaction mixture was stirred for 2 h at room temperature and refluxed for 6 h at 80 °C. After cooling overnight, the reaction mixture was concentrated to dryness, and the residue was extracted with diethyl ether. The combined ether extracts were washed with water, sat.
NaHCO 3 , water, and brine, and were dried over MgSO 4 and then concentrated. Silica gel chromatography (Hex:EtOAc = 1:1) gave a product (63%) as a clear, viscous oil. 1 H NMR (300 MHz, CDCl 3 ): δ 6.77 (1H, s), 4.24 (4H, q, J = 6.9 Hz), 3.26 (2H, t, J = 6.9 Hz), 2.31-2.37 (2H, m), 2.04 (3H, s), 1.59 (2H, p, J = 7.5 Hz), 1.26 (6H, t, J = 6 Hz), 1.
16-1.27 (2H, m). ESI-MS
m/e 315.
Diethyl 2-acetamido-2-(4-azidooctyl)malonate (2b). Similar synthetic protocol as 2a
was adopted, only azidooctylbromide 1b served as the starting material. 1 H NMR (300 MHz, 
(10H, m). ESI-MS
m/e 371.
2-Azidobutyl amino acid (3a)
. Following standard methods, [2] the diester 2a (2.8 mmol) in 25 mL of 10% NaOH solution was heated to reflux for 4 h. The solution was then neutralized with concentrated HCl and evaporated. The residue was dissolved in 25 mL of 1 M HCl and heated to reflux for 3 h. The solvent was reduced and extraction with MeOH afforded amino acid 3a as the hydrochloride salt (85% 
PEPTIDE LIBRARY CONSTRUCTION
Randomized OBOC libraries of penta-to heptapeptides were synthesized manually via standard split-and-mix solid-phase peptide synthesis methods on 90 µm polyethylene glycolgrafted polystyrene beads (TentaGel S-NH 2 , 0.31 mmol/g, 2.86 x 10 6 beads/g). [4] [5] [6] Non-natural D-stereoisomers (denoted by lowercase one-letter amino acid code) were used at every possible position in the peptide sequence. At least a 5-fold excess of beads was utilized in each library synthesis to ensure adequate representation of each library element. A standard solid-phase peptide synthesis method with Fmoc chemistry was used. [7] All wash, deprotection, and coupling steps were facilitated by 180-degree shaking of the resin. The resin was pre-swelled in NMP in a plastic fritted reaction vessel, and was separated into multiple aliquots. Each aliquot was reacted with 2-fold molar excess (relative to resin) of a single N α -Fmoc-amino acid. Amide coupling was initiated by addition of a 2-fold molar excess of HATU and a 6-fold molar excess of DIEA. [8] The coupling reaction was run for 15 min. Another 2 equiv N α -Fmoc-amino acid, 2 equiv HATU, and 6 equiv DIEA were added, and allowed to react for 15 min ("double coupling"). In some cases, "triple coupling" with a third set of coupling reagents and N α -Fmocamino acid was performed (Table S1 , Libraries D, E, F, and G). x i = r, k, l, w, f, h, y 117,649 The amino acid side-chain protecting groups were then removed by incubation in trifluoroacetic acid (95%), water (5%), and triethylsilane (2-fold molar excess per protected side chain) for 2 h at 25 °C. The library resin was then neutralized with DMF, and washed thoroughly with DMF (5 ×), water (5 ×), methanol (MeOH, 5 ×), and methylene chloride (DCM, 5 ×), [9] and then dried under vacuum and stored in phosphate-buffered saline [PBS (pH 7. 
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ON-BEAD CLICK REACTION
For preparing Libraries D, E, and G (Table S1) DMF/piperidine (8/2) at 25 °C for 6 h. [11] The resin was washed with 5 × 5 mL
1% DIEA (v/v) in DMF to remove the coordinated copper from click reaction. [12] SCHEME S2.
The biligand anchor (D-Pra)-kwlwGl-Tz1-kfwlkl was synthesized on 2-S6 chlorotrityl chloride (1.6 mmol/g) resin (Anaspec, San Jose, CA) using Scheme S2. The biligand anchor was released either as the fully deprotected peptide by cleavage with 95:5 TFA:water (+ 2 mol equiv TES per side chain protecting group), or as the fully protected peptide by cleavage with 99:1 DCM:TFA. [13] To facilitate the on-bead click reaction, it is noted that the 1° ligand was synthesized here as Az4-kfwlkl (displaying N-terminal Az n modification), and to this sequence was coupled D-Pra and the 2° ligand to produce the linear biligand.
Triligands were synthesized by click reaction between the fully protected biligand anchor (0.274 g, 0.1 mmol, >98% HPLC) and bead-bound 3° ligand Az4-nlivfr (0.1 g, 0.03 mmol)
using CuI (0.021 g, 0.1 mmol) and L-ascorbic acid (0.020 g, 0.1 mmol) in DMF/piperidine (8/2).
TYPICAL SCREENING PROCEDURES
A typical screen began with a library incubation in PBS (pH 7.4) + 0.1% Tween 20 + 0.1% bovine serum albumin (BSA) + 0.05% NaN 3 (PBSTBNaN 3 ) for 1 h, with shaking, to block non-specific protein binding. [14] The library was then washed with 3 × 5 mL PBSTBNaN 3 . Onbead multi-ligand screens were conducted at an appropriate bCAII-Alexa Fluor 647 dilution (Table S2) , and then washed with 3 × 5 mL PBSTBNaN 3 , 3 × 5 mL PBS (pH 7.4) + 0.1% Tween 20, and finally 6 × 5 mL PBS (pH 7.4). All in situ screens contained an additional 2 h preincubation of bCAII-Alexa Fluor 647 with anchor ligand (≥2000 equiv, relative to protein), after which the bead library was added to this mixture and the screen was continued (Table S2) . Table S5 . Second-generation anchor ligand screen An2b results. Table S7 . On-bead biligand screen Bi2a results.
x 1 x 2 x 3 x 4 x 5 x 6 hit1 f k l w Table S9 . First-generation in situ triligand screen Tri1 results.
Az n x 2 x 3 x 4 x 5 x 6 Az n hit1
Az4 
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CUSTOM EDMAN DEGRADATION
To allow for resolution of artificial azide-containing amino acids by Edman degradation, the Pulsed-Liquid cLC extended method was utilized ( Figure S7 ). It includes a modified gradient, Normal 1 cLC extended ( Figure S8) , and a flask cycle extended by 5 min (Flask Normal extended, Figure S9 ).
The Edman traces corresponding to elution of Az2, Az4, Az6 and Az8 are shown in Figure S10 and demonstrate a 6-min retention time increase for every two methylene units added to the azidoalkyl side chain. Fmoc-Az2-OH was synthesized according to literature protocol, [15] while Fmoc-Az6-OH was synthesized according to Scheme S1. [17] Similarly, a second flow cell was immobilized with hCAII following standard procedures using 0.25 mg/mL hCAII prepared in 10 mM sodium acetate (pH 5.5) buffer. [18] Immobilization levels of ~4000
RU were achieved using a flow rate of 100 µl/min over 420 s. The remaining two flow cells were left underivatized, to correct for changes in bulk refractive index and to assess non-specific binding. 
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ENZYMATIC ACTIVITY ASSAY IN THE PRESENCE OF TRILIGAND
The active site of bCAII possesses an intrinsic esterase activity which can be monitored spectrophotometrically. Specifically, bCAII catalyzes the hydrolysis of 4-nitrophenyl acetate (4-NPA) to 4-nitrophenol (4-NP), whose appearance can be monitored by absorbance at 400 nm. [19] The enzyme-catalyzed hydrolysis proceeds at a range of pH and serves as a test for active site binding by common inhibitors (Scheme S3). Here, this activity assay was used to determine whether the triligand capture agent interferes with bCAII esterase activity, which would suggest Additionally, an assay was performed in the presence of 4-NPA alone (blue) to determine the slow background hydrolysis of the ester in aqueous solution.
[bCAII] = 1. Scheme S3. Esterase activity of bCAII, using 4-NPA as the hydrolytic substrate.
The experimental results are presented in Figure S13 . We observed that there was an initial "burst" in 4-NP formation, followed by a slow increase in the product formation over the 60 min. Because there was no appreciable change in the bCAII esterase activity when the triligand capture agent was included in the assay, apparently this peptide binds to an epitope distinct from the bCAII active site.
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DOT BLOT SELECTIVITY/SENSITIVITY ASSAYS IN SERUM
The sensitivity and selectivity of the multi-ligand (biligand and triligand) capture agents for b(h)CAII in complex environments were demonstrated through the use of dot blot experiments in 10% porcine serum. For these tests, Biotin-PEG-NovaTag resin (0.48 mmol/g; Novabiochem) was utilized for bulk synthesis of C-terminal biotin-labeled multi-ligands. After resin cleavage, the crude biotinylated multi-ligand was precipitated with ether and then purified to >98% by C 18 reversed phase HPLC. 
ON-BEAD DETECTION OF IN SITU TRIAZOLE FORMATION
A biotin conjugate of the biligand anchor was prepared by modifying the N-terminus with an ethylene glycol linker (Fmoc-NH-(PEG) 5 
